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The portable ultrasonic transducer characterization station (TCS) 
was developed in support of the U.S. Air Force Manufacturing Technology 
Contract F336l5-85-C-5036, "Advanced Ultrasonic NDE Transducer Perfor-
mance and Producibility". The program objective is to develop and demon-
strate multiple commercial sources of well characterized, reproducible 
ultrasonic transducers. The overall task of this MANTECH program is to 
develop procedures to help users write performance specifications and to 
develop tools to help suppliers design ultrasonic transducers to meet 
performance specifications. 
The TCS was developed for both users and manufacturers to provide a 
common basis for evaluation of transducers. The Tes not only provides a 
means of measuring transducer performance but also includes design aids 
to help the manufacturer select component values and dimensions for 
transducer fabrication. Guidelines for specification development and 
examples of transducers purchased to this specification are required to 
demonstrate that the process is effective. 
This paper discusses the incentives for developing the TCS, and 
describes the measurement functions and the design aids provided by the 
TCS. 
INCENTIVES 
Traditionally, an ultrasonic transducer is defined by a set of com-
ponent values and a fabrication procedure. This process, which is not 
easily transported from manufacturer to manufacturer, defines the perfor-
mance of the transducer. Our approach is to modify the process of 
defining a transducer specification so that the specification is not 
dependent on a particular manufacturer's procedure. If a transducer is 
specified in terms of measurable performance parameters and the manufac-
turer is given the freedom to use any components or processes, production 
of the transducer becomes independent of the manufacturer's procedures. 
Transducer manufacturers use different procedures and different 
instruments to measure transducer performance. In order to evaluate 
reproducibility of transducers in terms of batch-to-batch and 
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manufacturer-to-manufacturer, it was necessary to provide a common basis 
of performance measurement. The most direct approach was to provide 
instruments and measurement procedures to both the manufacturers and the 
buyers. By using a common measurement system, discrepancies between pro-
duction inspection and receiving inspection could be minimized. The 
TCS was developed to meet this requirement. 
TCS FUNCTIONS 
The TCS characterizes the pulse-echo response of immersion and con-
tact ultrasonic transducers by six primary performance indicators: 
• Beam Profile 
• Squint Angle 
• Sensitivity 
• Input Impedance 
• Center Frequency 
• Bandwidth 
The beam profile for focused immersion transducers is represented by 
the -6dB envelope about the point of maximum response to a small ball 
target when the transducer is excited by a broad band spike pUlse. 
Unfocused immersion and contact transducers are characterized using the 
-6dB beam diameter at the near field-far field transition. 
The squint angle is measured on all three types of transducers by 
measuring the direction of the central axis of the sound beam relative to 
the mounting plane of the transducer. Sensitivity is a measure of the 
pulse-echo response of the transducer from a flat aluminum reflecting 
surface relative to the response from a 50 ohm termination. 
Input impedance phase and magnitude are measured at the transducer's 
center frequency relative to a 50 ohm termination. The center frequency 
is determined from the average of the upper and lower -6dB frequencies 
where the amplitude response as a function of frequency is monotonic 
between the -6dB frequencies. The bandwidth is the ratio of the fre-
quency interval between the -6dB frequencies and the center frequency 
expressed as a percent of center frequency. 
Measurement of these performance parameters draws heavily from the 
procedures detailed in ASTM E-1065-85, nStandard Guide for Evaluating 
Characteristics of Ultrasonic Search Units. n1 Procedures for using the 
TCS to make the required measurements are detailed in the General Spe-
cification for Ultrasonic Transducers which is being developed by the 
Performance and Producibi1ity program. 
INSTRUMENTATION 
The TCS consists of a two-axis, computer-controlled scanner, ultra-
sonic pu1ser/receiver, digitizer, computer, and printer as illustrated 
schematically in Figure 1. The illustration shows the setup for immer-
sion transducers with a ball target reflector for beam profiling, but 
the same instrumentation is used for contact transducers with the sub-
stitution of a calibration block for the immersion tank. 
1. ASTM Annual Book of Standards, Section 3, Metals Test Methods and 
Analytical Procedures, Volume 03.03, Metallography: Nondestructive 
Testing, pages 888-907. 
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Fig. 1. Schematic block diagram of the transducer 
characterization station. 
The two-axis scanner assembly, shown in Figure 2, can be adapted to 
a variety of water tanks. The assembly can be set into a large tank or 
the long legs can straddle a small tank, bucket, or other water con-
tainer. The TCS is designed to be portable, as illustrated by the dis-
assembled scanner shown in Figure 3. With the long legs and the ball 
target holder removed, the scanner fits into a suitcase-size box and the 
electronic components can be contained in three additional lightweight 
containers. The complete characterization system in laboratory configu-
ration is shown in Figure 4. The TCS accomplishes the same functions 
as the laboratory system but at about one third the cost and weight. 
The two-axis scanner is used to move the transducer in a plane to 
find the maximum intensity, -3dB, and -6dB points. The transducer is 
manually rotated 90 degrees to make the same measurements in a perpen-
dicular plane. The computer uses the digitizer to record the waveform, 
amplitude, and coordinates at the key points. 
One interesting feature of the TCS is the tracking digitizer, which 
makes it possible to track the ball target signal as the distance between 
the transducer and the ball target is changed by the scanner. Tracking 
is accomplished by a second ultrasonic beam parallel to the primary 
beam. The second beam uses two 5 MHz transducers in a pitch-catch 
arrangement with a right angle reflector to fold the reflected beam 
parallel to the transmitted beam, but offset to line up with the receiver 
transducer. The data recorded by the tracking digitizer are used to 
compute squint angle, focal length, beam diameter, depth of field, and 
near field-far field distance, as illustrated in Table 1. 
Computation of the sensitivity, center frequency, bandwidth, and 
input impedance is performed using the digitized waveform from a flat 
reflector, and the digitized excitation pulse waveform taken with a 50 
ohm load and with the transducer as a load. Examples of the digitized 
waveform and its spectrum are illustrated in Figure 5. The printed data 
indicate that the nominal 10 MHz transducer actually had a center fre-
quency of 8.27 MHz. 
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Fig . 2. Two-axis beam profile scanner assembled 
for use . Any water container larger 
than 10 inches wide, 20 inches long, 
and 6 inches deep may be used . 
Figure 3 . Two-axis beam profile scanner disassembled 
for transportation. 
Figure 4. Portable characterization station for evaluation 
of ultrasonic transducers. 
Table 1 
TYPICAL BEAM PROFILE DATA ON A 6-INCH FOCAL 
LENGTH ULTRASONIC TRANSDUCER 
Sequence Number 
Transducer Type 
Nominal Focal Length 
Plane of Measurement 
Maximum Signal Amplitude 
Measured Squint Angle 
Measured Focal Length 
Measured Beam Diameter 
Measured Depth of Field 
Measured -3dB Depth of Field 
Measured -3dB Near Beam Width 
Measured -3dB Far Beam Width 
Measured -3dB Far Distance 
Measured -6dB Far Distance 
Plane of Measurement 
Maximum Signal Amplitude 
Measured Squint Angle 
Measured Focal Length 
531 
FC 
6 inches 
Horizontal (X) 
0.7342 V 
0 . 13 degree 
4.217 inch 
0.065 inch 
3.024 inch 
2 .04 inch 
0 .0585 inch 
0 . 0525 inch 
1 . 123 inch 
1. 793 inch 
Vertical (Y) 
0.7524 V 
0.20 degree 
4.217 inch 
(continued) 
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Table 1 (Cont'd) 
TYPICAL BEAM PROFILE DATA ON A 6-INCH FOCAL 
LENGTH ULTRASONIC TRANSDUCER 
Measured Beam Diameter 
Measured Depth of Field 
Measured -3dB Depth of Field 
Measured - 3dB Near Beam Width 
Measured -3dB Far Beam Width 
Measured -3dB Far Distance 
Measured -6dB Far Distance 
Squint Angle Resultant (Z) 
0 . 0655 inch 
2.945 inch 
1.978 inch 
0.059 inch 
0.052 inch 
1.05 inch 
1.711 inch 
0 . 24 degree 
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Figure 5. Typical waveform and spectrum from transducer 
characterization system using a flat glass plate 
reflector. 
An example of the magnitude and phase of the transducer's input 
impedance as a function of frequency is shown in Figure 6. Inspection 
of the magnitude plot reveals that the input impedance of this 2.2 MHz 
transducer is about 160 ohms at center frequency and the phase plot 
indicates an inductive reactance. 
DESIGN AIDS 
A transducer modeling software module is included in the TCS to 
help the designer adapt or develop transduc"er designs to meet performance 
specifications. This module also includes performance optimization rou-
tines and subprograms to compute input network for adjustment of input 
impedance of transducers. 
The transducer design software takes as input a set of 20 component 
values and dimensions describing the transducer and computes the impulse 
response of the transducer. The parameters may be taken from an existing 
transducer design. This is particularly easy because the 20 parameters 
are actual component values and dimensions used to assemble a transducer. 
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Fig. 6. Magnitude and phase of electrical input 
impedance of a 2.2 MHz transducer showing 
effect of internal tuning components used 
to adjust bandwidth and sensitivity. Pro-
cedures have been developed to correct 
these irregularities. 
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The operator may select 1-2 parameters for optimization by the 
transducer design software. The transducer design program will vary the 
selected parameters, in 3% increments, compute the spectrum and analog 
waveform, and decide if improvement was made. The decision is based on 
a measure of the sensitivity and a combination of the amplitude and the 
duration of the signal after the fifth cycle of the response. This 
algorithm optimizes the combination of sensitivity and bandwidth. 
Other optimization algorithms could be used to optimize in different 
ways. For example, sensitivity could be increased while holding the 
center frequency to a specified tolerance to make a very narrow band 
transducer. At this time, however, we have not implemented new algo-
rithms for optimization. 
The transducer design program then computes the waveform and spec-
trum and plots the data. The operator then decides, on the basis of 
performance requirements, which components to modify. The new trial 
values of one or more components are entered and the program is executed 
again. Inspection of the result will allow the operator to decide on 
further changes in the parameters. When the operator is satisfied that 
the spectrum and waveform produced by the transducer design program meet 
the performance specification, he files the list of components and dimen-
sions for use by the fabricator and files the spectrum and waveform 
data for comparison with the response of the fabricated transducer. 
A software module and procedure has been included in the TCS which 
defines the components of an impedance matching network to match a trans-
ducer of known complex input impedance to the standard coaxial cable/ 
instrumentation impedance of 50 ohms. The TCS is used to measure the 
initial impedance of existing transducers and the transducer design 
module is used to compute the initial impedance of new designs. 
Input impedance of an ultrasonic transducer is important because it 
affects the efficiency of energy transfer between instrument and trans-
ducer as well as the presence of reflected signals in the connecting 
coaxial cable. 
The complex electrical input impedance of a transducer results from 
the combined effects of electrical and mechanical impedances. Input 
impedance is usually not considered in the development of a transducer 
design where priority is placed on waveform and signal-to-noise ratio. 
Ultrasonic test instruments usually include a "damping" control which 
provides some compensation for impedance mismatch. A better approach is 
to design the transducer with a specific input impedance. 
CONCLUSION 
A portable, low-cost ultrasonic transducer characterization station 
has been developed as a means of communicating the techniques needed to 
develop ultrasonic transducers to meet performance specifications. The 
TCS also serves as a common basis of comparison between manufacturer and 
purchaser, as well as a means of periodically confirming the performance 
of transducers in the field. The design aids included in the TCS facili-
tate the development of new designs as well as improvement of existing 
designs. 
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